We examine the influence of SEC's Rule 105 on informed trading and the information content of stock prices around an SEO's offer day. We show that constraints on short sales inhibit informed trading and hamper incorporation of information into stock prices for offers whose traders have private adverse information and without options listing. The constraints contribute to increased price uncertainty and higher market sensitivity to seller-initiated trading. After controlling for other causes of SEO discounts, we find that the decrease in information content of stock prices just before an offer day has a significant impact on the SEO's value discount.
Introduction
This paper examines the effects of SEC Rule 105, which places restrictions on short sales during the period five trading days before a seasoned equity offering (SEO). Specifically, the rule prohibits short sellers during the five-day period prior to an offering from covering their short positions with shares received through the equity issue and is meant to reduce the possibility of manipulative short selling prior to the offering. Manipulative short sellers attempt to drive down the stock price prior to an SEO and cover their short positions by buying back at the discounted SEO offer price. However, in reducing the possibility of manipulative short selling, the rule also puts limits on informed short selling. With less informed short selling, stock prices could become less informative prior to SEOs. The paper provides evidence consistent with informed short sellers being driven from the market during the five days before SEOs.
There was a dramatic increase in the size of seasoned equity offering (SEO) discounts during the 1990s. For example, Corwin (2003) reports an average discount of 1.15% for seasoned equity offers from 1980 to 1989 and an average discount of 2.92% from 1990 to 1998. While the discount for SEOs seems to be smaller than the discount for initial public offerings (IPOs), it is still a large issuing cost for offering firms. Altinkilic and Hansen (2003) document that in the 1990s the issuing expense attributable to discounting was more than $2.6 billion, which is more than 50% of the underwriting fees paid to investment bankers.
Many studies (e.g., Corwin, 2003 and Kim and Shin, 2004) attempt to explain the substantial increase in SEO discounts in the 1990s. They suggest that the adoption of SEC Rule 10b-21 was one of the main reasons for the large SEO discounts. Rule 10b-21, adopted by the National Association of Securities Dealers (NASD) on August 25, 1988 , prohibited short sellers from covering their short positions established after the filing of registration statements or Form 1-A with securities purchased from an underwriter, broker, or dealer participating in the offering. NASD was concerned that investors would use pre-pricing short sales to drive the stock price down and obtain new issued shares at artificially low offer prices. Rule 10b-21 was designed to prevent manipulative short sales that could cause the market to function as an independent pricing mechanism and erode the integrity of the offer price. However, Gerard and Nanda (1993) argue that the adoption of Rule 10b-21 not only prevented manipulative conduct, but it also restricted informationally-motivated sales. According to Kim and Shin (2004) , the implementation of Rule 10b-21 saw a substantial increase in SEO discounts. They claim that Rule 10b-21 reduced the information content of trading before equity offerings and increased uncertainty, and they conclude that the larger discounts in the 1990s were the result of Rule 10b-21. Corwin (2003) finds that the timeseries increase in SEO discounts can be partially explained by Rule 10b-21's restriction on short sales. Altinkilic and Hansen (2003) suggest that this surprising increase may be due to higher offer frequency and contracting competition in the 1990s or to the adverse effects of Rule 10b-21.
In order to create an exception for transactions that are unlikely to have a market impact, in March 1997, the SEC adopted Rule 105, Regulation M, to replace Rule 10b-21. Like Rule 10b-21, Rule 105 prohibits short positions established during the restricted period from being covered with securities obtained from an underwriter, broker, or dealer who is participating in an offering. However, Rule 105 only restricts short sales made five trading days before the offering's pricing rather than the potentially much longer restricted period of Rule 10b-21, which commenced with the filing of the registration statement, Form 1-A. Rule 105 shortens the restricted period because some short sales are motivated by a short seller's evaluation of the stock's future performance, which can contribute to pricing efficiency and should be treated differently from manipulative conduct. The SEC instituted Rule 105 to increase the information content of market prices, decrease uncertainty about stock value, and reduce the cost to issuers. Henry and Koski (2010) examine short sales around SEOs. Similar to the present study, they investigate the effects of SEC Rule 105 on short sales prior to SEOs and find that Rule 105 constrains some but not all manipulative trading. However, the present study makes several important contributions that go beyond examining whether Rule 105 effectively regulates manipulative conduct without causing adverse effects on non-manipulative trading. First, it uses a longer five-year sample period starting one year after the new rule became effective. Second, intraday data is employed, allowing more powerful tests. Third, the study controls for stocks without listings on the options market as it could be argued that, when short selling is restricted, informed trading can still occur through the options market.
The present study analyzes the effects of short sales constraints imposed by Rule 105 on informed trading and information content of stock price from three fronts. First, the daily change in price uncertainty is observed during the restricted period. The measures of effects of short sales constraints on information content of stock price employed in this study are the change in intraday volatility, estimated using 5-minute returns, and the standardized unexpected trading volume, which is used as a proxy for investors' opinion divergence. Many studies (e.g., Altinkilic and Hansen, 2003 and Kim and Shin, 2004) use the volatility of daily returns as a measure of price uncertainty; however, volatility of daily returns, which is generally defined as the standard deviation of daily close-to-close returns over the 30 trading days ending 11 days before an offer, reflects historical information and may be affected by the fluctuation in the whole market. In fact, informed trading before an issue can alter the information asymmetry between issuers and investors. Gerard and Nanda (1993) suggest that an informed short sale before an offering can increase the information content in the stock price. Danielsen and Sorescu (2001) claim that even when short selling is restricted investors still can react to negative information through the options market. Therefore, volatility calculated with historical prices is not a good proxy for a current information environment. Compared to volatility calculated from historical daily returns, intraday volatility is more useful for estimating time-varying volatility. It can capture day-to-day changes in price uncertainty during the restricted period, which is the focus of the present study. In addition, Fleming, Kirby, and Ostdiek (2003) show that intraday-return-based volatility plays a more important role in determining investing strategies. They evaluate the advantages of intraday volatility in the context of investment and find that volatility timing at the daily level outperforms volatility timing over a long horizon. Therefore, it is reasonable to choose intraday volatility as one of the measures of price uncertainty. Furthermore, due to the existence of constraints on short sales, unfavorable information cannot be incorporated into stock price immediately. Therefore, it becomes more and more difficult for investors to interpret the trading activities observed in the stock market and estimate the true value of stock prices, which will lead to greater divergence in investors' opinion. In this paper, we apply Garfinkel and Sokobin's (2006) method of using the standardized unexpected trading volume to measure the extent of investors' opinion divergence.
Second, the asymmetry of market makers' price sensitivity to the order flow of different trading directions (buy-initiated versus sell-initiated orders) is examined to discover if an increase in uncertainty during restricted period is the result of short sales constraints. According to Kyle (1985) , market-markers should be more price-sensitive to order flow from expected informed trading volume. Following Chae (2005), we measure price sensitivity by regressing the change of transaction prices on signed trading volume. Rule 105 should only limit the behavior of short selling and restrict the incorporation of unfavorable information into stock prices. Therefore, as time goes by, the potential of seller-initiated informed trading increases. The cumulative effects of constraints on informed trading based on unfavorable information cause market makers to become more sensitive to seller-initiated trading than to buyer-initiated trading.
Third, using the three-tiered approach suggested by Lee and Radhakrishna (2000) , possible informed transactions and liquidity transactions are identified, and the change in informed transactions and liquidity transactions are analyzed during the restricted period. Consistent with the predicted effects of short sales constraints, stocks that are not susceptible to these constraints experience larger increases in the number of informed transactions and smaller increases in the number of liquidity transactions.
The results of our study show that price uncertainty increases significantly during the restricted period for stocks susceptible to short sales constraints, especially on the trading day immediately before pricing, whereas an increase in price uncertainty is not obvious for stocks that are not susceptible to these constraints. These findings are consistent with the prediction that short sales constraints result in the decrease in information content of stock price and thus the increase in price uncertainty.
The results also show that, during the restricted period, market makers' asymmetric response to seller-initiated trading for stocks susceptible to short sales constraints becomes more apparent, whereas the asymmetry of market makers' price sensitivity hardly changes for stocks that are not susceptible to short sales constraints. These findings support the view that the flow of unfavorable information is inhibited by short sales constraints. We further examine the relationship between the cumulative effect of short sales constraints on the information content of stock price and the extent of SEO discounts. We find that, after controlling for other factors that may affect SEO pricing, such as price pressure, rounding of stock prices, and rent expropriation, the reduction in the information content of stock prices stemming from the short sales constraint is a main determinant of SEO discounts.
The remainder of this article is organized as follows: In Section 2, theories concerning the discounting of new offers are summarized, and testable hypotheses related to SEO discounting are developed; Section 3 describes the sample data and summary statistics; Section 4 discusses the influence of short sales constraints on information content of stock price; Section 5 describes the tests of hypotheses related to SEO discounting; in Section 6, the adjustment of stock price on the offer day is analyzed; and Section 7 concludes.
Literature review

Uncertainty and asymmetric information
Most theories about the underpricing of IPOs are based on the assumption of asymmetric information between equity issuers, investment bankers, and outside investors. On the one hand, if issuers are better informed than investors, then rational investors will be concerned about the so-called lemons problem: that is, it might not be possible to distinguish between good and bad firms, and only low-quality issuers will offer the market's average price. Therefore, good issuers will discount their offer price to signal their quality and recoup this discount in subsequent equity issues, dividend announcements, or analyst coverage (Allen and Faulhaber, 1989 , Chemmanur, 1993 and Welch, 1989 . On the other hand, if some investors have better knowledge about the price that the market can bear, then the issuer faces a placement problem. Rock (1986) presents a model in which a group of investors has better information than the firm and other investors. He shows that if new shares are priced at their expected value these informed investors will drive out other investors when IPOs are good and withdraw from the market when IPOs are bad. Therefore, issuers have to place their IPOs at a discount in order for the shares to be purchased by uninformed investors. This argument has been dubbed the "winner's curse." Welch (1992) proposes an alternative explanation for IPO underpricing based on the assumption of better-informed investors. In his information cascade model, when IPO shares are sold sequentially, potential future investors can learn from the purchasing decisions of earlier investors, who presumably are more informed about the equity's value. This behavior, however, can rapidly lead to cascades in which investors will gradually ignore their private information and imitate earlier investors. As a result, offerings succeed or fail very soon, and issuers always underprice to avoid failure.
Because of the periodic earnings announcements made by companies and purchase recommendations released by financial analysts, the information asymmetry of SEOs is not as large as the information asymmetry of IPOs, but the uncertainty about stock prices still exists. Therefore, the study discussed in this article examines whether or not firms with high information asymmetry and uncertainty about a stock's value will have a larger SEO discount.
Constraints on informed trading
Research shows that the implementation of Rule 10b-21 increased issuing costs. For example, Gerard and Nanda (1993) claim that the limits on short sales prior to a new offer inhibit the release of new information and increase stock price uncertainty. In order to compensate for the additional risk absorbed by buyers of new shares, underwriters have to discount their offer price. Kim and Shin (2004) and Corwin (2003) show that SEO discounts increased substantially after the enforcement of Rule 10b-21. Although Rule 105 shortens the restricted period to five trading days, the possibility remains that non-manipulative transactions will be adversely affected by the restriction. In this article, the change in the uncertainty of stock value around an offer day is examined to determine whether the substantial increase in discounts during the trading days immediately before an offer day is due, in fact, to the unintended effect of the restrictions on informational short sales. The decrease in information content stock price on the pricing of SEOs is also estimated in this article.
Alternative explanations of SEO discounting
Permanent versus transitory price pressure
Research that examines the effects of price pressure has produced mixed results. For example, Corwin (2003) reports a positive and significant relation between the relative offer size and the extent of discounting. However, the multivariate models of Kim and Shin (2004) show that the coefficient of the relative offer size is positive but not significant at the 1% level. Altinkilic and Hansen (2003) find that larger offers have lower discounts, whereas a larger relative offer size (i.e., the number of new shares issued divided by the number of shares already outstanding) has a larger discount.
The theories of price pressure also vary. Some researchers (e.g., Mikkelson and Partch, 1985 and Scholes, 1972) maintain that price pressure is temporary, and investors should be compensated for absorbing this temporary pressure. Other researchers (e.g., Asquith & Mullins, 1986) argue that price pressure leads to a permanent increase in supply and a corresponding permanent reduction in stock price. If the market is efficient, the downside price adjustment should be completed immediately after the announcement of the new offer. In other words, the closing stock price prior to an offer should have already incorporated the price pressure of a new offer and, therefore, it is not necessary for underwriters to artificially discount the offer price. In this present study, underwriters' response to an increased supply of shares is estimated to determine whether price pressure is permanent or transitory.
Pricing at closing bid and rounding of closing price
Research shows that sometimes SEOs are priced at the closing bid quote or at integers. For example, Corwin (2003) reports that 24.36% of new offers on the NYSE are priced at the closing bid quote. Mola and Loughran (2004) and Bradley, Cooney, Jordan, and Singh (2004) note that offer prices of both SEOs and IPOs cluster at integers. We examine whether the value discounts of SEOs are simply due to these two pricing practices. Loughran and Ritter (2002) point out that lead underwriters tend to exploit the gains of issuers by underpricing for those investors who are more likely to repay the bank through future reciprocal deals. Affleck-Graves, Hedge, and Miller (1994) suggest that, if this hypothesis is true, then discounts will be higher when more good news is released about the firm, regardless of whether the news is private or public. Therefore, it was assumed that there was a positive relation between the positive cumulative abnormal returns over the five trading days immediately before the SEO and the extent of discounting.
Rent expropriation
Data
Data selection
The sample of SEO firms used in the present study was obtained from the Securities Data Company (SDC) database, which provides the offer date, gross proceeds, offer price, shares issued, and number of shares outstanding. The sample consists of 201 new equity issues on the NYSE from March 1998 to September 2002, excluding IPOs. The following criteria were used to screen the data. First, to be included in the sample, the issues had to be ordinary common shares and could not be a unit offering, shelf offering, closed-end fund, real estate investment trust (REIT), or American Depository Receipt (ADR). Second, firms with offer prices smaller than $1.00 were not included in the study. Third, firms that are not in NYSE's Trade and Quote (TAQ) database or the (CRSP) database were not included in this study.
As noted by Lease, Masulis, and Page (1991) and Corwin (2003) , some firms announce new offer prices after the market closes, and the effective offer date should be the next trading day of the offer date. Safieddine and Wilhelm (1996) document that on an offer day trading volume increases sharply. Therefore, the effective offer date is identified by using a volumebased adjustment method. Specifically, if the trading volume on the day following the offer date is more than twice the volume of the offer date and more than twice the average daily trading volume over the 250 days prior to the offer date, the day following the offer date is considered the effective offer date.
Intraday data were collected from the TAQ database. Only trades executed on the NYSE are included. Raw transactions data, however, may contain some problems, such as misordered time series and the existence of data outside regular trading hours. Therefore, time series data are reordered and observations that lie outside the trading interval, between 9:30 am and 16:00 pm Eastern Standard Time, are not included in the present study. Market information, such as stock prices, returns, market index, and shares outstanding, was obtained from the CRSP database.
In order to identify whether a stock is listed on the options market, the database of monthly options trading volume was downloaded from the Chicago Board Options Exchange (CBOE) website.
1 If there was no record of options trading during the issuing month, this stock was identified as one with no listing on the options market.
Variable definitions and summary statistics
Measure of SEO discount
Following Altinkilic and Hansen (2003) and Corwin (2003) , the discount of seasoned equity offerings is defined as follows:
The average discount across the full sample is approximately 2.08%, which is lower than the average discounts in the 1990s but higher than the average discounts in the 1980s. This suggests that, although the adverse effect under Rule 105 is less severe than the adverse effect under Rule 10b-21, it is still present under the new rule. Of the 201 SEOs included in the sample, 81% are priced below the closing transaction price at day − 1, and 8.5% are priced at the closing price. The remaining 10% are priced above the closing price.
Measures of reduction in information content of stock price
The first variable used to measure the increase in price uncertainty due to a reduction in information content of stock price is the change in intraday volatility prior to an offer relative to a benchmark period, ∆VOL t , which is calculated as follows: (2) where VOL Benchmark is the intraday volatility during the benchmark period measured by the median of VOL from day − 30 to − 11. Following Andersen, Bollerslev, Diebold, and Ebens (2001) , intraday volatility, VOL t , is calculated as the square root of the total of sum of the squared 5-minute returns. to an offer. AMOUNT is a logarithm of total dollar amount of offer (in $ million). OFFSIZE is defined as a logarithm of the ratio of offered shares to total shares outstanding prior to the offer.
That is,
where Nt is the number of 5-minute-intervals in day t, r t,j is the return in the jth interval, which is calculated as the difference of the logarithm of the last transaction price of the jth interval and the logarithm of the last transaction price of the (j-1)-th interval. The summary statistics listed in Table 1 shows that 69% of the issuing firms experience an increase in price uncertainty over the two trading days immediately prior to an offer.
Another variable used to measure the effects of short sales constraints on information content of stock prices is the standardized unexpected trading volume (SUV), which is calculated using a methodology that is similar to the market model approach (Garfinkel & Sokobin, 2006) .
where Volume it is the number of shares traded in stock i on day t. |R it | + and |R it | − denote the absolute value of positive daily return and absolute value of negative daily return for stock i on day t, respectively. S it is the standard deviation of ε it in model (4). Garfinkel and Sokobin (2006) suggest that trading volume arises from three effects: Liquidity effects, informedness effects (the extent to which some investors are more informed), and consensus effects (the extent of agreement among investors). They assume that trading volume arising from informedness effects are related to price moves, and that trading volume from liquidity and consensus effects are uncorrelated with price moves. Therefore, the intercept estimated in Eq. (4) represents the trading volume due to liquidity effects and β 1 and β 2 capture the informedness effects. The unanticipated trading volume can be attributed to opinion divergence. Table 1 shows that, over the two trading days prior to an offer, about 83% of issuing firms experience a positive unexpected trading volume that is led by divergence in investors' opinions.
Type of information
In order to differentiate the type of private information held by informed traders prior to SEO pricing, we calculate the pre-pricing abnormal return, defined as the cumulative abnormal returns (CAR) over five trading days immediately before pricing, using the market model:
where R it is return for stock i on day t, R mt is the NYSE equally-weighted index on day t, and AR it is the abnormal return for stock i on day t. We can observe from Table 1 that about 68% of issuing firms experience negative cumulative abnormal return during the five trading days prior to an offer.
Measure of rounding of offer price
Corwin (2003) finds that underwriters tend to round off offer prices to even dollars or by $0.25 increments. From 1996 to 1998, more than 40% of offers were priced at even dollars. He therefore assigns a dummy variable that is equal to 1 if the decimal portion of the closing price is less than 0.25 and 0 if otherwise. However, it can be argued that this becomes a de facto consideration only when the ex post SEO is truly priced at a 0.25 increment. In the present study, Corwin's (2003) approach was modified, and $0.25 was chosen as unit price increments, and the rounding dummy is 1 if the offer price ends with 0.00, 0.25, 0.50, or 0.75 and, 0 if otherwise. 
Evidence of restriction on informed trading
Many recent studies (e.g., Corwin, 2003 and Kim and Shin, 2004) of SEOs take into account the significant impact of Rule 10b-21 on pricing. They contend that this rule not only prohibits manipulative trading, but also it unintentionally restricts informed traders from trading on bad private news.
3 According to this argument, price uncertainty increases prior to an offer.
The changes in intraday volatility around an SEO relative to the benchmark period are presented in Table 2 . The results in Column (1) show that intraday volatility grows gradually during the five consecutive trading days prior to pricing and reaches its highest point on the day before an offer. On day − 5, the change in intraday volatility is 16.14%, while on day − 1, the change increases to 40.79%. This increased price uncertainty is consistent with the cumulative effects of the restraints on informed trading.
The proposition of constraints on informed trading is also supported by the finding that intraday volatility falls substantially after the offer day (on day 1, the change in price uncertainty relative to the benchmark period is about 26%, which is lower than the level on day − 1 and 0) and continues to decline over the subsequent four trading days. The substantial decrease in information asymmetry after the offer day appears to be related to the subsequent relaxation of the limits on short sales and the resumption of informed trading. This table presents the mean of the change in intraday volatility around a new offer. Relative intraday volatility is the change in intraday volatility relative to the median of intraday volatility in the benchmark period, which is five trading days ending two weeks before an offer (i.e., from day − 30 to day − 11). CAR, which is used to divide the whole sample into subsamples, is the cumulative abnormal return of five trading days prior to an offer. The values in parentheses are the p-values of the t-test. * Significant at the 10% level. ** Significant at the 5% level. *** Significant at the 1% level.
Asymmetric influence on informed trading with favorable and unfavorable private information
Constraints on short sales restrict the dissemination of unfavorable private information about stocks, but they should have little effect on informed traders trading with favorable information. Therefore, if the increase in price uncertainty is due to the Rule's restraints on short sales, it is expected that for firms with favorable information the increase in uncertainty should be less significant. Altinkilic and Hansen's (2003) method is employed to discriminate among informed traders with different information. Essentially, they use the five-day cumulative abnormal returns (CAR) immediately before pricing to identify the type of potential information. If the five-day CAR is positive (negative), a firm is classified as one with favorable (unfavorable) private information that is less (more) susceptible to short sales constraints. Columns (2) and (3) in Table 2 present the subsample results conditioned on the sign of the five-day CAR. There is less restriction on informed trading for firms with potential favorable information; therefore, increases in uncertainty prior to an offer should be lower, if at all. Column (2) in Table 2 shows that changes in uncertainty for firms with favorable private information are between 18.89% and 24.52%. However, for firms with unfavorable private information, as shown in Column (3), increases in uncertainty are between 14.86% and 48.39%. Note that the cumulative increase in uncertainty on the day immediately before pricing is approximately 50% relative to the benchmark period. Furthermore, comparing the increases in uncertainty for these two subsamples, we find that during the pre-pricing period, with each passing day, the increase in uncertainty for firms with unfavorable information becomes progressively higher than the increase for firms with favorable information. From day − 5 to day − 3, the differences between the two subsamples are not significant even at the 10% level; on day − 2 and day − 1, the differences widen gradually and become significant at the 5% level. Accordingly, the results presented in Columns (2) and (3) in Table 2 indicate that the increase in uncertainty can, at least partly, be explained by the unintended restraints on informed trading on unfavorable private information. Danielsen and Sorescu (2001) propose that even when there is a restriction on short sales informed traders still can trade on unfavorable information through the options market. Therefore, for a stock that is also listed on the options market, the increase in intraday volatility due to short sales constraints should be smaller than for stocks with no listings on the options market. In order to control for the effects of listings on the options market, the sample is divided into two subsamples. Column (4) presents the subsample results for firms with a positive five-day CAR or listed on the options market, and Column (5) shows the subsample results for firms with a negative five-day CAR and not listed on the options market. As illustrated in Column (5), after controlling for the substitutive effects of options listings, the cumulative effects of short sales constraints on firms that are more susceptible to short sales constraints become more significant. On day − 1, the intraday volatility increases by 56.41%, which is significant at the 1% level. Furthermore, the p-value of the comparison test of the two subsamples reveals that during the three days immediately before pricing the increases in price uncertainty for stocks that are susceptible to short sales constraints are significantly larger than for stocks that are not susceptible to short sales constraints at less than the 10% level. This is especially so on day − 1 when the differences of two subsamples are significantly different from zero at the 1% level. These results strongly support the hypothesis that the short sales constraints imposed by Rule 105 unintentionally restrict informed trading triggered by traders' rational estimation of firms' future performance and inhibit the incorporation of unfavorable information into stock prices.
Asymmetric influence on informed trading with favorable and unfavorable private information in the presence of options listing
Constraints on short sales and divergence in investors' opinions
As shown in the previous section, short sales constraints inhibit the incorporation of unfavorable information into stock prices, leading to a lower information content of the prices. The cumulative effect of the short sales constraint contributes to the difficulty of interpreting the trading activities in the stock market and the expectation of true stock values become harder. Therefore, we expect that, for stocks that are susceptible to short sales constraints, the divergence in investors' opinions will be greater.
In this section, the difference of opinions is measured by unanticipated trading volume calculated by using Eqs. (4), (5) and (6). Table 3 presents the mean of unexpected trading volume around an offer. Column (1) of the table shows that, during the five trading days prior to an offer, the standardized unanticipated trading volume, which is a proxy for opinion divergence, grows gradually and is mostly significant at the 1% level. This indicates that as the offer day approaches investors' opinion divergence becomes increasingly wider.
Columns (2) and (3) of Table 3 report the mean unanticipated trading volume for firms with a positive and negative 5-day CAR, respectively, where a positive (negative) CAR indicates a smaller (larger) susceptibility to short sales constraints. The comparison test shows that, as an offer day approaches, the difference of opinion divergence between the two subsamples becomes more apparent. On day − 2, the divergence between the two subsamples is different at the 10% level and, on day − 1, it is different at the 1% level. Furthermore, after controlling for the substitutive effects of options as synthetic short sales, the difference of opinion divergence between the two subsamples becomes more obvious, as shown in Columns (4) and (5) of Table 3 . The p-value of the t-test shows that, on day − 2, the opinion divergence differs at the 5% level; on day − 1, it differs at the 1% level. We have shown from the evidence presented that short sales constraints inhibit informed trading of private unfavorable information and reduce the information content of stock prices. where Volumeit is number of shares traded for stock i at date t. |Rit| + and |Rit| − denote absolute value of positive daily return and absolute value of negative daily return for stock i at date t, respectively. Sit is the standard deviation of εit in model (3). CAR, which is used to divide the whole sample into subsamples, is the cumulative abnormal return of five trading days prior to an offer. The values in parentheses are the p-values of the t-test. * Significant at the 10% level. ** Significant at the 5% level. *** Significant at the 1% level.
Constraints on short sales and market' asymmetric sensitivity to trading directions
Asymmetric sensitivity to different trading directions
We check the robustness of our results on whether the increase in price uncertainty is the result of the restriction on informed trading of unfavorable information by examining market makers' asymmetric sensitivity to different trading directions during the restricted period. If short sales constraints inhibit the incorporation of potential unfavorable information into stock prices, it is reasonable to expect that the market would be more sensitive to sellerinitiated trading during the restricted period than to buyer-initiated trades. Following Chae (2005), we measure market's price sensitivity by regressing the change in transaction prices on the signed trading volume. However, in order to differentiate the market's price sensitivity to a different trading direction, we include a dummy variable, TrDirection, in the following regression model.
where ∆P is the change of transaction prices, SignedVolume is the product of trading volume and the trading sign (positive for a bid and negative for an ask) inferred by the methods suggested by Lee and Ready (1991) , TrDirection is a dummy variable that equals 1 if the trade is buyer-initiated and 0 if the trade is seller-initiated.
A significant negative coefficient of the interaction term, β 2 , indicates that the market is more sensitive to seller-initiated trading, and a significant positive coefficient means that the market is more sensitive to buyer-initiated trades. The market's sensitivity to buyer-initiated trading, SEN_POS, is represented by the sum of β 1 and β 2 , whereas their sensitivity to sellerinitiated trading, SEN_NEG, is β 1 . The extent of market's asymmetric sensitivity, ASYM, can be measured by:
The range of ASYM is between − 1 and 1 because both SEN_POS and SEN_NEG are supposed to be non-negative. 4 A value of ASYM that is close to − 1 indicates that market is more sensitive to seller-initiated trading and, a value closer to 1, more sensitive to buyerinitiated trading. When the value of ASYM is around 0, it implies that market tends to treat different trading directions equally.
Panel A of Table 4 shows the extent of market's asymmetric sensitivity to different trading directions. Column (1) shows that market's asymmetric sensitivity, ASYM, is significantly below 0 prior to the offer day, and that the value of ASYM falls gradually during the restricted period: that is, market responds more to seller-initiated trading than to buyerinitiated trading during the restricted period, and this asymmetry becomes more pronounced as the offer day approaches. This result is consistent with the prediction that short sales constraints inhibit the incorporation of unfavorable information into the stock price, which results in market's relatively more sensitive sensitivity to seller-initiated trading.
A comparison of Columns (2) and (3) of Panel A, Table 4 , shows that the market responds more to seller-initiated trades in both subsamples conditioned on the sign of the five-day CAR than to buyer-initiated trades. We observe a significant difference in asymmetric sensitivity between the two groups on day − 2 and − 1 (p-values are 0.03 and 0.04, respectively). In order to control for the substitutive effects of listing on the options market, similar to the analysis of the increase in price uncertainty, a subsample is formed from stocks susceptible to short sales constraints that have a negative five-day CAR but are not listed on the options market. Column (4) shows that market's asymmetric sensitivity is between − 0.09 and − 0.22 before the offer day, while Column (5) shows that the asymmetric sensitivity is between − 0.16 and − 0.30, which is apparently lower than those in Column (4). The
comparison of the two subsamples shows that on days − 4, − 2, and − 1, the differences between the two subgroups are significant at less than the 10% level, which suggests that market is more sensitive to seller-initiated trading for those firms that are susceptible to short sales constraints. This evidence further supports the hypothesis that unfavorable informations are not reflected in stock prices when there are short sales constraints.
Change in asymmetric response to different trading directions
In order to analyze the change in the market's response to seller-initiated trading more clearly, we look at the change in asymmetric response, ∆ASYM, which is measured by the difference between ASYM and the median of ASYM during the benchmark period (i.e., from day − 30 to − 11):
The mean changes in asymmetric response for the whole sample and subsamples are listed in Panel B of Table 4 . A positive (negative) change in asymmetric response indicates that the market's relatively higher sensitivity to seller-initiated trading becomes less (more) apparent relative to the benchmark period. Column (1) shows that, for the whole sample, changes in asymmetric sensitivity are significant at the 1% level from day − 3 to day − 1. Asymmetric sensitivity remains mostly steady for stocks with a positive five-day CAR during the restricted period, as shown in Column (2). In contrast, the changes of asymmetric sensitivity are significantly below 0, at the 1% level, for stocks with a negative CAR during the last two days of the restricted period. The result from the comparison t-test shows that, on day − 4, the negative change in asymmetric sensitivity for firms with unfavorable information is significantly larger than for firms with favorable information. SEN_NEG, and a total of these two sensitivities. We estimate SEN_POS and SEN_NEG by regressing the following model: ∆Pt = α + β1 * SignedVolumet + β2 * SignedVolumet * TrDirectiont where ∆P is the change of transaction prices,
SignedVolume is the product of trading volume and the trading sign inferred by the methods suggested by Lee and Ready (1991) , TrDirection is a dummy variable that equals 1 if the trade is buyer-initiated and 0 if the trade is seller-initiated.
SEN_POS is equal to β1 + β2 and SEN_NEG is equal toβ1. Panel B lists the mean of the change of asymmetric sensitivity to different trading directions around a new offer. Change of asymmetric sensitivity is the difference between the asymmetric sensitivity and the median of the asymmetric sensitivity over the benchmark period, which is five trading days ending two weeks before an offer (i.e., from day − 30 to day − 11). CAR, which is used to divide the whole sample into subsamples, is the cumulative abnormal return of five trading days prior to an offer. The values in parentheses are the p-values of the t-test. * Significant at the 10% level.
** Significant at the 5% level.
*** Significant at the 1% level.
The negative change in asymmetric sensitivity becomes more pronounced when the effects of listing on the options market are considered relative to the benchmark period. Column (5) of Table 4 shows that, for those stocks with a negative five-day CAR and not listed on the options market, the changes in asymmetric sensitivity are negative and largely significant during the restricted period. However, for stocks with a positive five-day CAR or are listed on the options market (i.e., stocks that are not susceptible to short sales constraints), the asymmetric sensitivity is significant at the 1% level only on day − 3 during the restricted period. This evidence further demonstrates that, for those stocks that are more susceptible to short sales constraints, the market becomes much more sensitive to selling activities on the market relative to the benchmark period. The sharp negative changes in asymmetric sensitivity support the proposition that short sales constraints restrict the incorporation of unfavorable information into stock prices.
Constraints on short sales and informed trading prior to pricing
A direct way of estimating the effects of short sales constraints is to observe the change of informed transactions during the restricted period. With the TAQ database, it is not possible to differentiate between transactions that are motivated by information trading and those that are initiated by liquidity demand. Several studies (e.g., Cready, 1988 , Cready and Mynatt, 1991 and Lee, 1992 use trade volume or trading value to distinguish between individual and institutional trades. Lee and Radhakrishna (2000) use a unique dataset (i.e., TORQ), which contains information about individual orders, to test the techniques used to identify institutional and individual orders. After comparing different strategies of classification, they classify trades of $5000 or less as individual trades and trades of $50,000 or more as institutional trades, resulting in a very low probability of error.
In the present study, the effects on trades triggered by investors' rational estimation of future stock price are analyzed. It may be reasonable to assume that institutional investors tend to have more resources at their disposal for analyzing firms' future performances compared to individual investors, and they should be more likely to initiate trades based on their rational estimation. Therefore, institutional orders are more likely to be information based. Using the three-tiered approach suggested by Lee and Radhakrishna (2000) , all transactions are divided into three groups: information-based transactions (i.e., informed transactions), liquidity transaction (i.e., uninformed transactions), and transactions that are hard to identify.
Change in informed transactions
During the pre-pricing period, the options market may attract some informed transactions from the equity market. Previous studies (e.g., Amin and Lee, 1997 and Cao et al., 2005) suggest that, around an information event, such as earnings or takeover announcements, informed traders are more likely to trade in the options market as it offers a high-leverage, more effective venue for informed trading. In order to remove the effects from the options market, stocks that have a listing in the options market are removed from the sample in the following sections, resulting in a new sample size of 142 issues.
Panel A of Table 5 shows the change in informed transactions relative to the benchmark period. A transaction is deemed a potential informed trade if the dollar volume of the transaction is larger than $50,000. In Column (1) of Panel A, we show that the number of informed transactions grows monotonically, at the 1% significance level, from day − 5 to day − 1. On the day immediately before pricing, the number of potential informed transactions rises by approximately 315% relative to the benchmark period. As predicted in the preceding analysis, due to short sales constraints, trading on unfavorable information will be largely restricted. Therefore, if the hypothesis about the effects of short sales constraints holds, then changes in the number of informed transactions of stocks that are susceptible to short sales constraints should be lower than those of stocks that are not susceptible to the constraints.
Columns (2) and (3) of Panel A, Table 5 , present the changes in the number of informed transactions of subsamples conditioned on the sign of the five-day CAR. Contrary to our expectation, the comparison shows that changes in informed transactions for stocks that are susceptible to short sales constraints are not significantly lower than those for stocks that are not susceptible to the constraints during the last two trading days before an offer. However, this result may be due to the fact that, as an offer date approaches, stock market manipulators may have already begun to trade with their private information in order to distort the stock prices. Because it is impossible to differentiate manipulative transactions from the informed ones, we attempt to mitigate this problem by observing the change in uninformed transactions instead. Panel A shows the change in informed transactions around a new offer. Transactions with a dollar volume larger than $50,000 are considered informed transactions. The change in informed transactions is computed relative to the median number of informed transactions over the benchmark period, which is five trading days ending two weeks before an offer (i.e., from day − 30 to day − 11). Panel B lists the cumulative change in informed transactions around a new offer. Cumulative change in informed transactions is the total change in informed transactions from previous trading days. Panel C lists the change in liquidity transactions around a new offer.
Transactions with a dollar volume lower than $5000 are considered liquidity transactions. Change in liquidity transactions is the change in liquidity transactions relative to the median of the number of liquidity transactions over the benchmark period, which is five trading days ending two weeks before an offer (i.e., from day − 30 to day − 11). CAR, which is used to divide the whole sample into subsamples, is the cumulative abnormal return of five trading days prior to an offer. The values in parentheses are the p-values of the t-test.
Change in uninformed transactions
Admati and Pfleiderer (1988), Foster and Viswanathan (1990) , and Chae (2005) suggest that if liquidity traders have timing discretion they will postpone their trading when they suspect the existence of informed trading. According to this argument, if informed transactions are restricted by short sales constraints, liquidity transactions will sharply increase. Panel B of Table 5 shows the change in liquidity transactions during the restricted period for the complete sample and subsamples. Column (2) of the panel reveals that liquidity trading only changes marginally during the restricted period for those stocks that are not susceptible to short sales constraints. However, for stocks that are susceptible to the constraints, the increase in liquidity trading is significant throughout the entire restricted period (see Column (3)). In addition, the comparison test shows that, on day − 1, the change in liquidity transactions of the subsamples differs significantly at the 1% level. The activity of liquidity traders further reflects the restriction on informed transactions imposed by short sales constraints.
SEO discounting and effect of short sales constraints on information content of stock prices
The empirical predictions of the main theories that explain the determinants of SEO discounting are summarized in Table 6 , which shows the directions of the expected empirical relationships between the hypothesized explanatory variables and SEO discounting. The uncertainty and asymmetric information hypotheses predict a positive contribution from the benchmark volatility; the price pressure hypothesis expects the offer value and size to be positively related to SEO discounting; the hypothesis that informed trading is restrained expects a positive contribution from intraday volatility changes and unexpected trading volume but a negative contribution from changes in asymmetric sensitivity prior to the offer day; the offer price rounding hypothesis expects offers that are priced at $0.25 increments to have a positive impact on SEO discounting; and the rent expropriation hypothesis predicts a positive contribution from a positive CAR during the five trading days prior to an offer.
In order to estimate the determinants of SEO discounts, the following multivariate regression on various explanatory variables is conducted:
where DISCOUNT, is defined as − 1 times the return from the previous day's closing transaction price to the offer price; VOL Benchmark is the median intraday volatility during the benchmark period (i.e., from day − 30 to day − 11); ∆VOL [− 2,− 1] is the median of the changes in intraday volatility over two trading days immediately before an offer relative to the median of intraday volatility during the benchmark period; SUV [− 2,− 1] is defined as the median unexpected trading volume in the two trading days immediately before an offer, i.e., days − 2 and − 1; ∆ASYM [− 2,− 1] is change of asymmetric sensitivity over the two trading days immediately before an offer relative to the median asymmetric sensitivity during the benchmark period; CAR is the cumulative abnormal returns of the five trading days immediately prior to an offer; CAR_POS is equal to CAR if positive and 0, if otherwise;
CARDUM is a dummy variable that is equal to 1 if CAR is positive and 0, if otherwise;
AMOUNT is the natural logarithm of the total dollar amount of an offer (in $ million);
OFFSIZE is defined as a logarithm of the ratio of offered shares to total shares outstanding prior to the offer; BID_PRC equals the percentage difference between the closing bid and closing transaction price; and ROUNDING is a dummy variable that equals 1 if an offer is priced at $0.25 increments and 0, if otherwise. 
CAR_POS
This table summarizes the directions of expected empirical relationships between the hypothesized explanatory variables and SEO discounting. The hypotheses are discussed in Section 2. Discounting is defined as − 1 times the return from the previous day's closing transaction price to the offer price. VOLBenchmark is the median of intraday volatility in the benchmark period (i.e. from day − 30 to day − 11). ∆VOL [− 2,− 1] is the change in average intraday volatility over two trading days immediately before an offer relative to the median of intraday volatility during the benchmark period (i.e., from day − 30 to day − 11). SUV [− 2,− 1] is defined as the median of standardized unexpected trading volume of two trading days immediately before an offer (i.e. day − 2 and day − 1). ∆ASYM [− 2,− 1] is change of asymmetric sensitivity over the two trading days immediately before an offer relative to the median of asymmetric sensitivity in the benchmark period (i.e., from day − 30 to day − 11). CAR is cumulative abnormal return of five trading days prior to an offer. CAR_POS is equal to CAR if positive and 0 if otherwise. AMOUNT is a logarithm of total dollar amount of offer (in $ million). OFFSIZE is defined as the ratio of offered shares to total shares outstanding prior to an offer. Rounding is a dummy variable that equals 1 if the offer is priced at $0.25 increments and 0 if otherwise. BID_PRC equals the percentage difference between the closing price and the closing bid. The dependent variable, DISCOUNT, is defined as − 1 times the return from the previous day's closing transaction price to the offer price. VOLBenchmark is the median of intraday volatility in the benchmark period (i.e. from day − 30 to day − 11). ∆VOL [− 2,− 1] is the change in intraday volatility over two trading days immediately before an offer relative to the median of intraday volatility during the benchmark period. SUV [− 2,− 1] is defined as the median of unexpected trading volume of two trading days immediately before an offer (i.e. day − 2 and day − 1). ∆ASYM[− 2,− 1] is change of asymmetric sensitivity over the two trading days immediately before an offer relative to the median of asymmetric sensitivity in the benchmark period (i.e., from day − 30 to day − 11). CAR is the cumulative abnormal return of five trading days prior to an offer. CAR_POS is equal to CAR if positive and 0 if otherwise. CARDUM is a dummy variable that is equal to 1 if CAR is positive and 0 if otherwise. AMOUNT is a logarithm of total dollar amount of offer (in $ million). OFFSIZE is defined as offered shares divided by total shares outstanding prior to an offer. BID_PRC equals to percentage difference between closing bid and closing transaction price. ROUNDING is a dummy variable that equals 1 if an offer is priced at $0.25 increments and 0 if otherwise. Short sales constraint and SEO pricing
The results of Eq. (13) are presented in ROUNDING. This result reveals that the exacerbation of information environment and the subsequent reduction in information content of stock prices due to the short sales constraint during the pre-pricing period are among the main reasons of SEO discounting. The results of the multivariate regression do not support the theories surrounding the hypothesis of discounts advanced by Corwin (2003) that some offers are priced at the closing bid as our results show that the coefficient of BID_PRC is not significant even at the 10% level.
The rent expropriation theory advanced by Loughran and Ritter (2002) predicts that underwriters expropriate profits from firms with good news. In other words, the magnitude of discounts is positively related to positive cumulative abnormal returns (CAR_POS). However, the results of the models in Table 7 argue against this prediction, with a negative and insignificant correlation between SEO discounting and CAR_POS. This evidence is contrary to the rent expropriation hypothesis. In addition, models (5) and (6) show that the coefficient on ROUNDING is positively significant at the 1% level, supporting Mola and Loughran's (2004) hypothesis of offer price rounding.
The results of this study do not show any relationship between discounting and either measure of price pressure (i.e., AMOUNT and OFFSIZE). However, further analysis of the correlation between the change in uncertainty and the relative offer size shows that they are positively and significantly correlated at approximately the 10% level. This means that the effects of the relative offer size may be captured by ∆VOL [− 2,− 1] . According to Myers and Majluf (1984) , if there is information asymmetry between managers and investors, firms only issue equity when their stock is overpriced. Following this line of reasoning, a relatively larger offer size tends to increase the uncertainty of the stock price. Therefore, underwriters should compensate investors for the additional risk they face in buying the offered shares. This evidence supports the temporary price pressure hypothesis.
Downward adjustment of stock price on offer day
The results of the robustness test in Section 4 indicate that, on an offer day, after the constraints on informed trading are relaxed, informed traders resume their informed trading and incorporate their private information into the stock price. The first-day return reflects investors' adjustment of stock prices based on their rational estimation. If unfavorable private information is not released prior to an offer, the stock is most likely overpriced. Therefore, the downward adjustments of the estimated value for stocks with a higher increase in potential unfavorable information will be larger than for other stocks. The empirical results shown in Table 8 support this proposition.
Two control variables that may affect the adjustment of stock prices on the first day are included in the regression shown in Eq. (14). The first, SURPRISE, captures the element of surprise in the discounting of the SEO on the first trading day and is measured by the residual of model 5 (Table 7) . It represents the discount beyond investors' aggregate expectation. As confirmed by Altinkilic and Hansen (2003) , offer prices convey information that may alter the estimation of investors, and a major component of that information is the discounting surprise. The larger the unanticipated discount, the more investors will adjust their estimation downward. In addition, because part of the information contained in unanticipated discounts had already been acquired by some investors and should already have been incorporated into the closing price on day − 1, the coefficient of SURPRISE is predicted to be higher than − 1 but still negative. The second control variable is the market return, MKT_RETURN, as measured by the NYSE equally-weighted index on the offer day, reflecting the market movement on the offer day.
The regression results of the determinants of offer-day adjustments are presented in Panel C
of Table 8 . These results show a significantly negative relationship between the first-day return and the degree of discounting surprise. The coefficient of SURPRISE, which is less than − 0.64 and significant at the 1% level, confirms that stock price adjustments, to a large extent, reflect the information contained in the offer price. The coefficient of MKT_RETURN is positive and significant at the 5% level, which indicates that first-day returns move contemporaneously with the market. Panel A list the summary statistics of first-day return for two subsamples conditioned on the sign of five-day CAR. Panel B shows the result of testing the equality of first-day returns between two subsamples. Panel C is the regression of first-day returns against surprise discounting and constraints on informed trading. The regression model is as follows:
The dependent variable, First-Day return is the return from the previous day's closing transaction price to offer day's closing transaction price. SUV [− 2,− 1] is defined as the median of unexpected trading volume of two trading days immediately before an offer (i.e. day − 2 and day − 1). CAR is the cumulative abnormal return of five trading days prior to an offer. CARDUM is a dummy variable that is equal to 1 if CAR is positive and 0 if otherwise. Surprise is the residual of model (5) in Table 7 . ∆VOLF is the change of intraday volatility on an offer day relative to the median of intraday volatility over two trading days immediately before an offer. MKT_RETURN is the return on the CRSP equal-weighted index on offer day. The values in parentheses are the p-values of the coefficients.
The positive correlation between the dummy variable, CARDUM, and stock price adjustment supports the hypothesis that for stocks that are less susceptible to short sales constraints (i.e., when CARDUM equals 1) there is less obvious downward adjustment of stock prices on the offer day. The positive coefficient of CAR provides further evidence that stocks that are susceptible to short sales constraints are more likely to be overpriced. Furthermore, the positive coefficient of ∆VOL F and negative coefficient of SUV [− 2,− 1] in models (3) and (4) also indicate that the constraints on informed trading of unfavorable information cause stocks to be overpriced.
Conclusion
Prior to SEC's adoption of Rule 10b-21, the popular belief was that some investors could manipulate the stock price through short selling during the pre-pricing period. Market participants assumed that informed investors with favorable private information on the issuers would trade contrary to their private information to drive the market price down.
Because the prices of new offers are typically based on the closing price prior to the pricing, such a manipulative conduct distorts the market price for the security, inhibiting the stock market from functioning as an independent pricing mechanism and eroding the fairness of offer price. In order to avoid such manipulative trading, National Association of Securities Dealers (NASD) adopted Rule 10b-21 and Rule 105 successively, trying to prohibit the potential manipulative conducts by effecting short sales prior to pricing to profit from buying new shares at lower offer price.
Previous studies have suggested that the constraints on short sales over the restricted period before pricing restrict the information-based short sales and thus increase the information asymmetry between informed and uninformed traders. However, none of them provided explicit evidence to support their suppositions. The study discussed in this article examines the change in information content of stock price around an SEO offer day and reveals that, for those offers with hidden adverse information, the constraints on short sales inhibit the incorporation of unfavorable information and cause a substantial increase in price uncertainty, lead to divergence in investors' opinion and result in market's relatively more sensitive response to seller-initiated trading. The evidence presented supports the proposition that the constraints of the SEC's Rule 105 reduce information content of stock price before an SEO offer.
Multivariate analysis suggests that, after controlling for other possible contributors for a value discount on an offer day, such as price pressure and rounding of SEO pricing, the decrease in information content of stock price due to Rule 105 significantly affects the pricing of SEOs. Due to the restraints of the Rule on informed trading based on bad news, stocks with private unfavorable information are more likely to be overpriced. Therefore, investors readjust their estimation of stock values according to the information released on the pricing day. The downward correction of value estimation causes the first-day returns of stocks with unfavorable private news to be larger than the first-day returns of stocks with favorable news.
